Brain mechanisms underlying body image disturbances are a focus of research in the realm of eating disorders, and functional imaging studies have revealed gender differences in the processing of body shape. In this study, using 16-channel near infrared spectroscopy, we investigated frontal lobe activation in 46 healthy university students during viewing of photographs of pathologically thin female forms, and compared gender differences in activation, and examined the correlations between the relative changes in cerebral blood volume, eating attitudes, and perceived feelings. Participants completed the Eating Attitudes Test (EAT26) and rated a visual analogue scale for anxiety/disgust. Significant gender differences in the pattern of activation were noted in the prefrontal region (predominantly right side, dorsolateral to ventral), with male participants showing greater and more widespread frontal activation. The total and subscale scores on EAT26 were significantly correlated with the frontal activation, and perceived feelings were significantly associated with increased prefrontal activation on the left side. Gender differences in frontal activation suggest differential expectations between men and women of pathologically thin female body forms. The study results suggest that anorexic psychopathology may be associated with abnormal right frontal activation while viewing thin bodies of others.
Introduction
The brain mechanisms underlying body image processing have been explored in previous studies, using a variety of methodologies. An investigation of the neural processing of body shape revealed activation in a distributed network, including the lateral fusiform gyrus, lateral prefrontal cortex (PFC), and right parietal cortex [1] . The dorsolateral PFC and the insular, inferior parietal, fusiform, and anterior cingulate (AC) cortical areas have been demonstrated to respond to images of one's own distorted body [2] . Other studies have shown that lesions in the dorsolateral PFC and/or parietal cortex were associated with impaired performances on tasks requiring on-line coding of the body posture [3] . Derogatory words concerning one's own body image have been reported to provoke activations in the temporomesial area, including the amygdala, in young women [4] .
In terms of clinical correlations, a recent fMRI study [5] reported that anorexia nervosa (AN) patients demonstrated stronger activation of the insula and lateral PFC cortex during the satisfaction rating of thin self-images, and the study indicated a stronger emotional involvement while the subjects were presented with distorted images close to their own ideal body size. Friederich et al. [6] summarized that a neural network could be involved in the general processing of body images (the lateral fusiform, parietal and dorsolateral PFC) and a related 'emotional' network (AC, insula, amygdala) may be activated when body-shape-related stimuli induce self-related or emotional reactions. Consequently, these neural connections might play a significant role in the pathophysiology of eating disorders, and possibly in the gender-related difference in the prevalence of eating disorders.
However, several complex processes could be involved in the brain response, as seen in the detected activations, according to the content or focus of the stimuli. For example, activation of the left ventrolateral and apical PFC was found in a previous fMRI study in which line drawings of underweight body shapes were used [1]; on the other hand, exposure to distorted images of one's own body showed activations of the left [7] or bilateral [2] ventrolateral PFC. On the other hand, the dorsal division of the right AC (BA 32) has been suggested to be important for self-referential processing of emotions [8, 9] . In anxiety responses to pictures of slim body shapes, Friederich et al. [6] commented that differential activation of the fear network, including the amygdala and the AC, was associated with substantial body dissatisfaction. Based on these studies, it seems reasonable to divide task profiles into individual factors, including pure self-reference and objective thin stimulation. In response to the respective paradigms, one could evaluate subjective and objective feelings or reactions while presenting visual stimuli.
We assume that body image processing can be divided into several components according to the cognitive processes involved; first, simple self-monitoring while comparing with others; second objective stimulation by body forms (e.g., emaciation or obesity); and last, disturbance of body image perception, such as drawings of body shapes or distorted graphics. Therefore, we conducted the present study with the objective of selecting one component of these processes, i.e. "how do young adults feel about or process others' pathological emaciation?" We used stimuli that have been previously used successfully (body forms of female patients with AN) [10] . This aforementioned study indicated that processing of non self-images by control subjects activated the inferior and middle frontal gyri, and the superior and inferior parietal lobules. AN patients had a similar pattern of activation with greater activation of the medial frontal gyrus. Interestingly, when the differential activation in the 2 groups was investigated with self vs. non-self-images, control subjects showed greater activation in the middle frontal gyri and insula than the patients, while the patients did not show greater activation in any region. Sachdev et al. [10] concluded that discrepant emotional and perceptual processing may underlie the distortion of self-images by AN patients. It is very important to determine whether Sachdev et al.'s study findings apply equally to men and women from a different cultural background.
We used near infrared spectroscopy (NIRS) for this study because of its noninvasiveness and ease of performance. NIRS employs near-infrared light emitted and detected on the skull skin [11] . It allows the monitoring of hemodynamic changes, including both cerebral blood volume changes and the oxygenation state, using a small apparatus with a high time resolution of about 0.1 seconds. It also allows the monitoring of changes in the oxygenated hemoglobin concentration (o-Hb) and deoxygenated hemoglobin concentration (d-Hb). NIRS is considered to be suitable for studies of higher brain functions because it enables measurements in the natural setting as compared with other brain imaging techniques: for example, subjects can undergo NIRS examination in the sitting position, with their eyes open, or while speaking and sitting on a bed [12] . Taking advantage of these characteristics, several NIRS studies have been conducted in patients with psychiatric disorders, such as schizophrenia [13, 14] , depression [15] , and attentiondeficit/hyperactivity disorder [16] . These characteristics have also enabled the investigation of subjective, delicate experiences in healthy subjects, such as subjective sleepiness and conversations [17, 18] .
Methods

Participants
The study participants were 46 healthy university students (32 females), with a mean age of 20.5 years (S.D. 2.2). Two were left-handed, and 3 were visiting students from China, the others being Japanese. Their average body weight and height were 55 (± 7.0) kg and 162 (± 8.9) cm, respectively, and the body mass index (BMI) ranged from 18 to 24 (mean 21.3 for all; 22.5 for male and 20.8 for female). None of the participants had any significant medical/psychiatric history. They were voluntarily recruited as subjects of this scientific study, and were paid 1600 yen, according the official provision, for their co-operation in the exam. All subjects gave written informed consent prior to their participation in the study, in conformity with the provisions of the Declaration of Helsinki, revised in Edinburgh in 2000. We strictly protected the privacy of the subjects, carefully preserving their anonymity. The data collection was conducted from August to December in 2009 and from August to December in 2010. can be ambiguous in the frontal lobe [19] . Mainly, changes of [o-Hb] at a depth of 2 -3 cm from the scalp, that is, the surface of the cerebral cortex, are considered to be correlated with the hemodynamic changes in PET [20] and blood oxygenation level-dependent (BOLD) signal changes in fMRI [21, 22] . NIRS does not measure cerebral luminescence, but measures attenuation of the irradiated light intensity. Therefore, the combination of optical irradiation and photon detection determines the resolution. NIRS characteristically measures not the 1:1 combination of irradiation and detection, but the light from one light source with 2 or more detectors arranged geometrically in the NIRS measurement system. Thus, information on which detector measures the signal of which portion becomes important. There are a number of methods for judging this channel separation. The first method, Time Division Multiple Access (TDMA), makes a light source turn on in turns and separates a signal on a time-axis. The second method, Frequency Division Multiple Access (FDMA), is for modulating and irradiating 2 or more light sources with different frequencies and separating a signal based on the frequency information after detection. The third method is Code Division Multiple Access (CDMA) which uses spectrum diffusion attenuation and is applied GPS or mobile phone technology. The NIRS machine we used, OEG-16 (Spectratech, Inc, Japan), employs CDMA methodology and is, therefore, very convenient and portable. It can provide NIRS data under natural conditions non-invasively, and artifacts induced by hair can be avoided because of the adjustments which allow reading only of the front of the head. The OEG-16 measures 16 channels on the frontal lobe (according to Broadman's map, it provides data approximately on sections 10, 11, 12, 44, 45, and 46). Its time resolution is 0.5 seconds and space resolution is 2 cm. The headset was placed according to the 10/20 system, by which a central hole was coordinated with Fz. From channels 1 to 8, the measurement points were placed from the right to the central pole. From channels 9 to 16, the measurement points were placed from the ventral/rostral to the left lateral (to refer the video content). It provides relative changes of hemoglobin concentration and values are obtained in arbitrary units (concentration × path length).
NIRS Machine
Task
A visual paradigm was used in which 3-dimensional (front, side, and back) photos of 2 pathologically thin women (BMI are ranged from 15-16), used in a previous fMRI study, were presented [10] . The women were dressed in standardized clothing (white cropped singlet with the abdomen showing, black bike pants and no jewellery), so as to reveal the body contour. The faces of all the images were digitally masked to avoid distraction from the body form. The body images were placed against a uniform grey background of medium-intensity. Digital images were prepared using Photoshop®. To maintain the subjects' attention during the viewing, the subjects were instructed to express how he/she thinks or feels about comparing the images with him/herself. The different body forms were shown in 3 different profiles for an equal duration, i.e., front, back, and side, switched every 5 seconds. The baseline image was a uniformly grey screen of medium intensity which was identical to the background of the body images (pre-task 5 sec, intertask 5 sec, and post-task 5 sec).
Perceived Feeling and EAT
Perceived feeling about thinner images was rated on a scale of 0 -10, according to the participants' overall impression. The anxiety (how have you felt anxiety?) and disgust (how have you felt disgust?) levels were scaled on a visual analogue scale soon after viewing pictures subjectively.
Eating attitudes were assessed in all of the subjects using the Japanese version of the Eating Attitude Test (EAT-26) [23, 24] at the time of the examination. EAT-26 is a 26-item self-rated questionnaire for evaluating eating problems. The results are presented as the total score (range, 0-78), as well as the scores on the 3 subscales, namely, diet (range, 0 -39), bulimia and food preoccupation (range, 0 -18), and oral control (range, 0 -21), which respectively reflect avoidance of fattening foods and preoccupation with being thinner, thoughts about food as well as items indicating bulimia, and self-control in relation to eating and perceived pressure from others to gain weight.
Data Analysis
The continuous waveforms of [Hb] changes in all of the 16 channels were acquired from each of the subjects during the paradigm. The individually averaged [Hb] waveforms were obtained as the average sum of 2 trials: the baseline realignment for 5 sec before and after the task periods, and a task segment averaging 2 sets of 15-sec image viewing periods. Thereafter, the grand average values of the baseline and task segments in each channel were calculated for all of the participants' data. We used only [o-Hb] values as cerebral blood volume changes were based on a previous report [25, 26] . Topography (video content) was presented according to the time course on the frontal portion. For this grand averaged data, channels which carried significant activations were ana-lyzed using the t-test between the pre-task and task periods (http://www.brsystems.jp). Differences in the mean values were tested by combined variance, as the number of samples for the 2 periods was not equal.
Combined variance: Ue2 = {(na -1)ua2 + (nb -1)ub2}/{na + nb -2} Variance and numbers of sample a: ua2 and na Variance and numbers of sample b: ub2 and nb T-value: t0 = |mXa -mXb|/root{ue2(1/na + 1/nb)} Average of each sample: mXa, mXb
In the next step, gender differences were investigated using a t-test for each channel during the task period by analyzing the differences in the grand average data between males and females. In the last step, the relationships of the [o-Hb] changes with the perceived anxiety/ disgust and EAT scores (total and subscales) were investigated. Channels with significantly correlated changes (diet, bulimia and food preoccupation, and oral control scores for EAT-26, BMI, VAS score) were analyzed by non-parametric correlation. An imaging software was used to analyze NIRS parameters (Data Viewer ver.1.1a, BR Systems. Inc., Japan). The other statistical analyses were conducted using SPSS version 17.0 (SPSS Japan, Inc.).
Results
Waveform and Gender
The Comparisons between the baseline and task periods are ummarized in Table 1 according to gender. The respective t-value for each channel showed significant activations (p < 0.05, DoF = 24) on channels 1, 2, 3, and 11 (dominantly right lateral PFC) in males, and significant activations (p < 0.05, DoF = 24) on channel 5 and 8 (right PFC) and significant deactivations in channel 6 (right lower ventral PFC) in females. Comparisons of activations for the task periods between the males and females are presented in Table 2 ; t-values for every channel and significant differences are presented. Overall, males showed more activations than females in frontal functioning, with especially significant differences (p < 0.01, DoF = 23.4) on channels 1 -4, 7 -8 (right PFC), 11, 13 -14 (left PFC). In contrast, channel 16 (left lateral) showed significantly greater activations in females than in males (p < 0.01).
Correlation with EAT and Perceived Feelings
Spearman's correlation coefficients were calculated for the relative changes of [o-Hb] and the scores on EAT26 or perceived feelings (rho > 0.30, *p < 0.05; rho > 0.41, **p < 0.01). Table 3 shows the correlation coefficients on the respective channels. The total EAT 26 scores were correlated with activations of channels 1-4**, 6**, 7* (right lateral to ventral PFC), 12*, and 15* (left lateral PFC). The OC subscale scores were correlated with activations of channels 1*, 2**, 3-4*, 6**, 7* (right lateral to medial PFC), and the diet subscale scores were correlated with activations of channels 1*, 2**, 4*, and 6* (right PFC). The BE subscale scores were correlated with activations of channels 1-2*, 3-4**, 5*, 7* (right PFC) and 12*, 15**, 16* (left lateral PFC). The scores for perceived disgust were correlated with activations of the left prefrontal channels (11**, 13**, and 14*), and those for perceived anxiety were correlated with activations of 
Discussion
The present study attempted to estimate the prefrontal activations induced by visual stimuli consisting of the body forms of anorexia patients, using noninvasive and simple-to-perform functional brain imaging. Importantly, the subjects were asked to compare the abnormally thin forms presented with their own body image, thereby making the presentations emotionally relevant. This visual task was associated with widespread and fluctuating activations, but predominantly of the right PFC. This finding was in agreement with the results of previous studies, for instance, the fMRI study by Sachdev and colleagues [10] which indicated that non-self-images induced activations in the medial inferior frontal gyrus (BA46), and the fMRI study in which females without eating disorder (ED) presented with pictures of slim models showed activations in the right PFC and the inferior frontal pole (BA9) [6] . Interestingly, obvious gender differences were observed in the widespread PFC activations, and male students showed significantly stronger activations bilaterally in the PFCs than females. There are a number of possible explanations for this gender difference. If bilateral activation of the PFC indicates more focused attention and active processing of the images, males seem to have been more actively engaged with these images. On the other hand, women were either not so engaged or in fact actively suppressed the processing of the images which they were visualizing. Female participants showed deactivations in the right lower ventral PFC, which may indicated active suppression during body image processing in females. In fact, the rostral PFC is involved in the processing of conflicting and salient stimuli and top-down inhibition of amygdala activity [27] . It might be interpreted as suggesting that deactivation of the right PFC (maybe rostral) in healthy young women reflects the sensitivity to negative body forms by self-comparison. Another possible explanation is that the body image of women has changed toward thinness to such an extent that they did not find the stimuli too discordant from their own bodies, and thereby showed low interest and activation. Men, on the other hand, still found these female forms to be pathologically thin.
The other interesting findings from the present study were specific correlations between the PFC activations and the scores on EAT and for perceived feelings. In students with higher diet or oral control scores, presentation of thinner images produced activations in the right PFC. On the other hand, students with higher food preoccupation scores showed bilateral activations along the left PFC. In contrast, students with higher perceived feelings (disgust or anxiety) when presented with thinner others' images showed only left PFC activations. These findings suggest specific links between the respective eating patterns and the laterality of PFC activation. In our related study on eating disorders [28] , we found functional relationships between eating psychopathology and brain activations and concluded that the clinical symptoms of ED consisted of 2 components: dieting tendency, correlated with the right frontotemporal cortex, and eating behavior problems (including binge eating) correlated with the left orbitofrontal cortex. Linkage of left PFC activation to fear of fatness or desire for thinness, and linkage of right PFC activation to bulimia might also be a continuum in healthy subjects. The existence of relationships between body images, eating attitudes, emotion and PFC activations might be speculated to indicate specific ED-related neural mechanisms. In addition, Friederich et al. [6] commented that individual differences in anxiety ratings in response to presentation of body shape models were positively associated with activations of the fear network, including in the rostral PFC and the inferior lateral PFC. According to that author, activation of the ventrolateral PFC (BA 47) is involved in anxiety processing [29] and anger [30] . Another study suggests that ventrolateral PFC activation reflects the intensity dimension of emotional perception rather than the processing of discrete emotions [31] . The present study also found that females showed significantly higher activations only in the left lateral PFC (channel 16) as compared to males, and this may be related to gender-specific emotional status and processing.
Some limitations of this study should be noted. We used NIRS for studying brain activation, unlike previous studies that have mostly used BOLD fMRI. When applying NIRS to the clinical setting, relative changes of cerebral hemoglobin data should be cautiously interpreted as these are not absolute values. Also, anatomical identification of the measurement points is one of the major methodological challenges in multichannel NIRS; however, a virtual registration method has been developed recently to improve placement and detection [32] . The spatial resolution in NIRS ranges from 2 to 3 cm; therefore, it is possible to discuss functional dynamism in the context of broader frontal connectivity. NIRS does offer high time resolution, which can contribute to clarification of the networking or circuit by allowing analyses of the time-course and pattern of activations. NIRS, as used in our study, is limited to the examination of the frontal lobes and we therefore cannot comment on other brain regions involved in these processes, which is another limitation of our work. The study of body image processing can benefit from many paradigms. Most previous studies have focused on self-images, distorted thin images, or estimating body weights. It may be reasonably expected that the extrastriate body area, which is located in the lateral occipitotemporal cortex, must respond to visual images of human bodies and body parts [33] . In fact, one study suggested the importance of the right parietal cortex in developing and maintaining body representation, as well as in the pathogenesis of anorexia [34] . This study used a frontal-specific methodology, and should therefore be complemented with whole-brain measurement. Considering the importance of body image disturbance, especially for the mental health of women, and the interest in the neurobiological basis of gender differences in EDs, the clinical implications of these findings should be investigated. Recently, Miyake et al. [35] reported significant activation of the occipitotemporal cortex, right parietal cortex, and DLPFC (BA 9) in restricting AN using the other fat-image task versus the other real-image task. The occipitotemporal and right parietal cortices were significantly activated in the binge eating/purging type of AN (AN-BP) and control subjects, whereas in the bulimia nervosa (BN) patients, the right occipital (BA 18) and right parietal lobes were significantly activated. Their series of studies used negative word stimuli concerning body, and the left medial PFC was activated both in patients with BN and in patients with AN-BP [36] .
The other limitations of this study should be noticed. Female participants were over two folds than male participants in this study; therefore, it must be careful to generalize this finding. And people in different cultures may have different response to pathologically thin female body forms. Actually regarding psychopathology of eating disorders, thinner body image could be common within various Westernized countries. But it should be mentioned that gender difference may not be observed for people in alternative areas.
In conclusion, gender differences in frontal activation suggest differential processing by men and women of pathologically thin female body forms. The study also suggests that anorexic psychopathology may be associated with abnormal right frontal activations while viewing the thin body forms of others.
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